In the Mediterranean region, land systems have been shaped gradually through centuries. They 2 provide services to a large and growing population in a region that is among the most vulnerable 3 to future global change. The spatial extent and distribution of Mediterranean land systems is, 4 however, unknown. In this paper, we present a new, expert-based classification of Mediterranean 5 land systems, representing landscapes as integrated social-ecological systems. We combined data 6 on land cover, management intensity and livestock available on the European and global scale in 7 a geographic information system based approach. We put special emphasis on agro-silvo- 
Introduction
general (Zamora et al., 2007) . A significant number of plant and animals species, a lot of them endemic, are related to extensive management practices and these traditional landscapes. This is 66 why the Mediterranean region was identified as one of the Global Biodiversity Hotspots 67 (Cuttelod et al., 2009) .
68
In this paper we develop a spatial representation of Mediterranean land systems by integrating 69 information on land management as an inseparable part of these landscapes. By investigating the 70 location factors behind these land systems, we identify how different socio-economic and 71 biophysical factors determine their distribution. At the same time, this study addresses the 72 challenges of data and knowledge differences between different parts of the Mediterranean 73 region. Finally, we evaluate the performance of our classification, by comparing it to existing 74 studies in the region, and by analyzing the uncertainty related to available data. 
Materials and methods

76
Study area 77 78
We defined the spatial extent of the Mediterranean region by focusing on areas surrounding the
79
Mediterranean Sea that share similar climatic and other biophysical characteristics. We chose the 80 spatial extent of the Mediterranean ecoregion ( Fig. 1) , as it describes the approximate extent of 81 representative Mediterranean natural communities (Olson et al., 2001) . We included the Nile highest human influence (Cuttelod et al., 2009 ). The region is characterized by the Mediterranean climate with dry summers and mild winters, when most precipitation takes place.
88
The southern part of the region is predominantly arid and semi-arid, whereas the northern part is 89 semi-arid to dry humid (Zomer et al., 2008) . Although the mean annual precipitation of the 90 whole area is around 500 mm, a quarter of the area has below 300 mm of rainfall. This limits 91 rainfed agriculture, particularly in the Middle East and North Africa part of the region.
92
Classification overview
Livestock distribution was obtained from the Gridded Livestock of the World v2.0 (Robinson et 133 al., 2014) . We combined the numbers of bovines, goats and sheep. Livestock distribution was 134 used to identify rangelands and grazing mosaic systems, and to define the intensity of grazing 135 based on an existing grazing systems classification (Dixon et al., 2001; FAO, 2011) . We did not 136 consider the distribution of pigs. Pigs are being grazed on a large extent in the dehesas/montados 137 of the Iberian peninsula, where they are associated with traditional products such as the "jamón".
138
Pigs in other parts of the Mediterranean are mostly attributed to landless livestock management 139 patterns. Based on the data these two different systems could not be distinguished.
140
Irrigation plays a significant role in the Mediterranean region, where agriculture is constrained 141 by water availability (Almeida et al., 2013) . Although irrigation cannot be related to agricultural 142 intensity, irrigated systems have specific demands regarding water and energy (Fader et al., 143 2016). To map irrigated systems, we used the data on areas equipped for irrigation from the
144
Global Map of Irrigation Areas (Siebert et al., 2005 (Siebert et al., , 2013 .
145
We used different indicators and proxies to characterize the intensity of land management, as 146 data on this spatial scale is scarce. We used the European agricultural intensity map to identify 147 areas with intensive rainfed cropland for the European Union part of the Mediterranean region 148 (Temme & Verburg, 2011) . For the remaining area, we used the global field size map, where we 149 defined the areas with the largest field size class as intensive (Fritz et al., 2015) . While it is not 150 possible to directly translate field size to intensity, field sizes can indicate the degree of 151 investment, mechanization and labor intensity of agriculture Rodríguez 152 & Wiegand, 2009 ). In addition, areas within the 10 th percentile of crop yields in the non-EU
153
Mediterranean region were identified as intensive. We focused on the most significant crops in 154 the Mediterranean region: wheat and other cereals, together with vegetables for annual crops;
and tropical and temperate fruits (among them grapes), together with olives for permanent crops 156 (Daccache et al., 2014) .
157
For forest management intensity, we used the European forest management map with defined 158 areas of high forest harvesting intensity . We identified planted forests 159 by looking at areas with a high share of plantation species using the European tree species map 160 (Brus et al., 2012; Verkerk et al., 2015 We used an expert-based hierarchical classification procedure (Fig. 2 , Supplement A).
171
Classification rules were defined as conditional thresholds based on literature on Mediterranean procedures have been used to identify land and farming systems in numerous cases (Dixon et al., 176 2001; van de Steeg et al., 2010) . We follow a similar classification procedure as van Asselen and 177 and the LADA project (FAO, 2011) . However, none of these approaches dealt with complex mosaic systems specific for the Mediterranean. Compared to statistical clustering 179 classification (Ellis & Ramankutty, 2008; Letourneau et al., 2012; Václavík et al., 2013) The observed distribution of land systems reflects the continuity of land management as a 213 response to socio-economic and biophysical conditions (Fuchs et al., 2013) . We performed
214
binominal logistic regressions to investigate the role of these conditions. This way we could 215 calculate the probability of each location to host a specific land system, an approach often used 216 to explain existing land-use patterns (Letourneau et al., 2012) . Logistic regressions were 217 performed for all land systems separately using 20 variables (Table 2) .
218
Biophysical variables describe the suitability for growing crops, encouraging or constraining 219 agricultural activities (Panagos et al., 2013 e.g. forest cover and organic content (Stoorvogel et al., 2016) . We also tested the soil potential evapotranspiration are climatic variables that limit growth of vegetation. Although 225 aridity limits the growth of vegetation, we had to omit the CGIAR aridity index map to avoid 226 multicollinearity (Zomer et al., 2008) as it was highly correlated to precipitation (Pearson 227 correlation >0.9). Lastly, we studied how potential natural vegetation explains the natural 228 vegetation characteristics of land systems.
229
Socio-economic factors were represented by five variables. Population density and density of 230 rural population characterize the type of activities expected in an area, and the degree of human 231 impact (Neumann et al., 2015) . The market influence index specifies the capital available to 232 agricultural production, investing in its expansion or intensification (Verburg et al., 2011b) .
233
Accessibility to national and international markets is an indicator for the potential to market 234 goods provided by the land systems (Verburg et al., 2011b) . Finally, we investigated the role of 235 road infrastructure, by including the distance to roads.
236
The regression was performed on a balanced sample of 5% of all grid cells for each land system
237
(with a minimum sample of 1000 points -500 for presence and 500 for absence). To reduce 238 spatial autocorrelation while retaining a sufficiently large sample size, we applied a minimum 239 distance of one cell (4 km) between the sample points. We performed a forward conditional of the land systems we found major differences between the results based on different samples.
Classification performance and data uncertainty 246 247
Assessing the performance of a land systems classification is a difficult task, and cannot be 
266
To analyze the uncertainty related to the differential quality of data, we applied the same 267 classification criteria using the data with the lowest quality but global coverage (Table 1) . High 268 resolution data covering the European part of the region were thus not used. The two maps were compared in terms of agreement or disagreement of quantity and location (Pontius & Santacruz, 270 2014 Mediterranean forest systems occur on Corsica, the most forested Mediterranean island (Fig. 4b) .
310
Most of the forests are defined by medium intensity management (61.1%), followed by natural 311 and semi-natural forests (25.5%). A lower extent of forests is characterized by high intensity 312 management (10%) or as planted forests (3.4%), mostly occurring on the Iberian peninsula. 
Agro-silvo-pastoral mosaics
Location factors 351 352
The results of the binominal logistic regression are summarized in Table 3 and Supplement D.
353
Overall, we see high fits of the regression models, indicating that the selected location factors
354
can explain a large fraction of the spatial variation in occurrence of the different land systems. 
Bare and open grazing systems
Settlement systems and wetlands
394
Settlement systems are, almost by definition, positively related to population density,
395
infrastructure and market accessibility. They occur on lower altitudes with gentler slopes.
396
Wetlands occur on flat areas with lower altitudes, and have a negative association with 397 temperature, population density and market influence.
Performance and data uncertainty 400 401
Studies used in the validation covered the whole region (Fig. 7) , although more were found in the
402
European part (122) 
412
Using only data with global coverage to produce the land systems map shows the drawbacks of 413 using such data. It is difficult to differentiate between systems of different intensities and type of 414 crops if only using proxies for intensity (Fig. 8 , Supplement E). The differences are smaller for 415 systems classified with data on bare areas, irrigation, livestock and tree cover.
416
When using global data, urban and peri-urban systems in the European part are overestimated 417 (Fig. 8) . All agro-silvo-pastoral mosaic systems have a low agreement between the maps,
418
indicating that using data with global coverage significantly underestimates these areas. Mosaic nomenclatures (Václavík et al., 2013) . On the other end of the spectrum are farming system 441 classifications operating at the farm level, ignoring the larger landscape context, which is 442 important for many of the services provided by these systems (Dixon et al., 2001; van de Steeg 443 et al., 2010) . Regional scale characterizations were made by Levers et al. (2015) and van der Zanden et al. (2016) , mapping land system archetypes and cultural landscapes of Europe respectively. Levers et al. (2015) generalized Mediterranean mosaic archetypes to low intensity one month each year, in order to supplement the animals' summer diet (Correal et al., 2006) . In 
Uncertainties in data 464 465
Significant improvements have been made in providing global data on land cover and 466 management intensity. Nevertheless, there are still considerable inconsistencies between 467 different global data sets contributing to the data uncertainty (Tuanmu & Jetz, 2014 Spain (Aguilar et al., 2015; Levin et al., 2007; Picuno et al., 2011) .
480
Additional data related issues are the over-and underrepresentation of particular systems.
481
Despite the good coverage of high resolution remote sensing derived products (Hansen et al., 482 2013), areas covered by forests are underrepresented in the MENA region. Our analysis has
483
shown a potential overestimation of intensive, and underestimation of mosaic land systems in the 484 data poor parts of the Mediterranean (Fig. 8 , Supplement E).
485
In terms of agricultural and forest management intensity, there is inadequate global data, or it is 486 not available at sufficiently detailed spatial resolution (Hurtt et al., 2006; Ramankutty et al., 487 2008). To identify the intensity of Mediterranean land systems, we had to use a set of different 488 proxies. Our combination of field size and yield used in the non-European part of the region did 489 not consider the numerous aspects of both the input and output intensities .
490
Yields and management are varying with time and incorporating multi-temporal data could improve the identification of management intensity . Similar concerns hold 492 for forest management. Although we used temporal changes in forest cover as a proxy for forest 493 management for the non-European Mediterranean part, other data such as wood production and 494 socio-economic statistics could be helpful (Verkerk et al., 2015) .
495
This study presents a novel data assimilation approach to identify the extent and spatial patterns 496 of Mediterranean land systems. As land systems are composed of different components, their 497 characteristics will never be measured and observed by single sensors. Combining different 498 datasets will, therefore, always be needed to update the map in the future. 
Application of results
501
The resulting land systems map has a wide potential of use. The identified extent of agro-silvo- socio-economic changes (Verburg et al., 2011a) . Using land systems we can capture changes in 510 management intensity, as socio-economic changes often do not affect land cover directly.
511
To improve our approach, better data is needed for the Middle Eastern and North African part of 512 the region. Vast areas of extensive cropland and agro-silvo-pastoral mosaic systems are present there, significant for regional food security and biodiversity. conservation of cultural landscapes, or food production. Supplement E: Mediterranean land systems map generated using globally available data
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